In order to study the basic mechanical properties of basalt fiber reinforced recycled aggregate concrete, the concrete mix ratio, the length and the volume mixing ratio of chopped basalt fiber yarn are designed for changing factors. A total of 324 specimens have been completed for this investigation. The compressive strength, splitting tensile strength, elastic modulus and axial compressive strength of basalt fiber recycled concrete have carried on the experimental study and theoretical analysis as 81 specimens, respectively. In all specimens, coarse aggregate were replaced by recycled aggregate with a replacement rate of 100%. Experimental results show that the failure process and failure pattern of basalt fiber recycled concrete and ordinary concrete are similar; With the improvement of concrete strength grade; When the volume mixing ratio of chopped basalt fiber yarn is 0.2%, the mechanic performance can effectively improve, and the length of chopped basalt fiber has less effect on the mechanical indexes; The conversion relation between common concrete mechanics index is no longer suitable for basalt fiber recycled concrete, new conversion formulas for basalt fiber recycled concrete between the mechanics index were presented through fitting experimental data.
INTRODUCTION
Recycled aggregate concrete (RAC) provides an efficient way to solve the destruction of natural ecological environment caused by mining stone, shortage of building stone as well as the problems of land filling and environmental pollution by construction waste [1 -4] . RAC has an important engineering application value and social, economic and environmental benefits. To make this technology feasible, a significant amount of experimental works has been carried out [5 -9] . It has been found that due to the lack of bonding between recycled aggregate and cement matrix and also the high water absorption capacity of recycled aggregate, the mechanical properties, durability, and deformation ability of the recycled aggregate concrete is lower than that of normal concrete (NC) [10, 11] .
Basalt continuous filament, is made up of basalt ore through melting under 1450 -1500 °C and passing through the platinum rhodium net board, has a good thermal stability and chemical stability, acid-proof alkaline ability [12 -15] . It's a new type of inorganic composite and ecological material, which can be mixed into concrete to make fiber reinforced concrete. Because of the high tensile and bending strength, crack preventing ability, shrink limiting character, impact resistance performance and excellent impermeability, frost resistance and other properties, fiber reinforced concrete has been widely applied in the field of hydraulic engineering, construction, highway and other projects [16 -19] .
According to the characteristics of the basalt fiber, it is expected that when added into recycled aggregate concrete, the mechanics performance of the recycled aggregate concrete can be improved. Dong et al. added basalt fiber into RAC to study the effects of the fiber dosage and recycled coarse aggregate ratio. They found that basalt fiber can enhance the mechanical properties of recycled concrete. However, the relationships between mechanics indexes of RAC retrofit Basalt Fiber Reinforced Polymer (BFRP) are much less known. This paper focuses on this issue, relationships between compressive strength, splitting strength, elastic modulus and axial compressive strength of basalt fiber recycled concrete (BF-RAC) are discussed in this paper. Coarse aggregates were replaced by recycled aggregate with a replacement rate of 100% for all specimens. The parameters of the experiment are a mix ratio of RAC, chopped basalt fiber yarn length and volume fraction. The results presented in this paper are significant to efficiently use the RAC in practical applications.
EXPERIMENTAL DESCRIPTIONS

Materials
In this experimental research, BOHAI brand Portland cement was used as cementing material. Recycled coarse aggregate is derived from the abandoned concrete beams using a crushing machine to achieve aggregate of different sizes (the original strength grade of concrete is C30, f c =34.2 MPa). Fly ash is produced by JINZHOU international thermal power plant; water reducing rates of the water reducing agent is 35%, which made up with PC poly carboxylic acid powder. The relevant indexes of above materials are listed in Table 1 . Chopped basalt fiber yarn is shown in Fig.  (1) . Performance indicators are shown in Table 2 . 
Preparation of Specimens
The experimental research parameters include: concrete mix ratio (C40, C50 and C60), chopped yarn length (6 mm, 18 mm) and chopped yarn volume fractions (0%, 0.1%, 0.2%, 0.3%, and 0.4%). A total of 324 specimens have been completed for this investigation. 27 groups (3 specimens with each group) cube specimens for the cube compressive test and splitting tensile test, respectively. Also, 27 groups (with 3 specimens in each group) prism specimens for elastic modulus test and axial compressive strength test, respectively. Proportions of concrete mix are shown in Table 3 . 
Test Method
The size of the specimen and the test method are referring to the Chinese standard [20] . The size of cube specimens for both the cube compressive test and splitting tensile test is 150mm*150mm*150mm, and size of prism specimens for both the Elastic modulus and axial compressive test is 150mm×150mm×300mm. Data acquisition and processing of specimen were referred to standard GB/T 50081-2002 [20] . The specimens were cast in 150-mm cubes for compressive strength testing and prisms of 150-mm bottom width and 300-mm height for the splitting tensile strength and elastic modules. The specimens are compacted using a vibrating table and demoulded in 24 hours after casting. The specimens are then put in thermostatic chamber with a temperature of 20 ± 2 °C and 95% relative humidity until the date of testing. The tests are conducted using a compression testing machine of 5000 kN capacity in the structure lab. For each mix concrete, tests of compressive, splitting tensile strengths, elastic modulus and axial compressive strength fifty one specimens are tested. The results reported in this study are the average of three tests.
TEST RESULTS AND ANALYSIS
The test results of cube compressive strength, splitting tensile strength, elastic modulus and axial compressive strength of specimens at 28 days are shown in Table 4 . According to the test data in Table 4 , the scattered diagrams of every test groups' results are showed. The specimen failure pattern and relationships between relative indexes are described and analyzed. 1 Note: C40-6-0.1 is the ID of specimen. C40,C50,C60 refer to the concrete grade;6,18 refers to the length of chopped basalt fiber yarn is 6mm,18mm, respectively.0.1,0.2,0.3,0.4 refer to the basalt fiber mixed with rate of is 0.1%,0.2%,0.3%,0.4%, respectively. If there is no number following the concrete grand number means the tests is reinforced without basalt fiber. The rest Numbers reference to the above method.
The Cube Compressive Test
The failure process and failure pattern of RAC and BF-RAC are similar to normal concrete. In the early stage of the loading, the test specimens did not show any cracks. With the increase of the compression loading, some small microcracks are formed in the test specimens along the loading direction. Then, the quantity and the width of the cracks are gradually increased. Finally, part of the concrete block is fallen from the specimen, and concrete from the corners of specimen are completely detached from the specimen to formed two quadrangular pyramids.
Cube compressive strengths are shown in Fig. (2) . The specimens' compressive strength from the test does slight fluctuations on the basis of the design strength. Compressive strength for RAC specimen does not show significant difference when incorporating with basalt fiber. In general, the C40 and C50 concrete specimens with 18mm-length chopped yarn fiber show better performance in resisting the axial compressive than 6mm-length ones. While when it comes to C60 concrete specimens, the conclusion becomes opposite. In addition, when the volume fraction is 0.2% or 0.3%, strength enhancement effect is better than others. While, when the volume fraction is 0.4%, a decrease tendency was observed on compressive strength of specimen. This result is primarily associated with the internal structure of recycled aggregate concrete. It is for the reason that a certain amount of cement matrix is contained on the surface of recycled coarse aggregate as well with some internal micro cracks which come from the crushing process. On one hand, cement layer will reduce the bonding performance between new mixing cement matrix and aggregate. On the other hand, micro-cracks will develop quickly with the increasing of compressive load, which leads to a reduction of the strength. While, concrete mixed with chopped basalt fiber yarn can improve its cracking resistance ability and the performance of mechanical properties. Therefore, the test result is the process of balance between unfavorable and favorable factors. When the disadvantages outweigh the advantages, the intensity could be characterized by decreasing and vice versa.
Splitting Tensile Test
With the increase of the load, cracks are appeared and developed in vertical direction. The quantities and the width of the cracks are gradually increased with the compressive stress increasing. Finally, the concrete block was split into two parts after the major crack developing throughout the specimen. Fig. (3) . The splitting tensile strength of the specimens is increased with the increasing of compressive strength. As for the specimens with mix group C40, 6mm-length chopped yarn fiber specimens show a better performance in splitting tensile strength than those specimens without fiber, the proportion of increase are 1.04%-9.38%. The splitting tensile strength of specimen C40-6-0.2 is higher than any other specimens in series C40. Series C40-18(18mm-length chopped yarn fiber incorporating specimens) show higher value of splitting tensile strength than specimen C40(nonfiber incorporating specimens) with a proportion of 2.08% to 10.42%, except for specimen C40-18-0.1 which goes with a reduction by 3.47%. The splitting tensile strength of C40-18-0.2 is the highest in series C40-18.
Splitting tensile strength test results is showed in
As for the specimens with mix group C50, situation is similar with mix group C40. The splitting tensile strength increases with the increasing of fiber content for series C50-6. Proportion of increase are 2.73% to 9.39%. The splitting tensile strength of C50-6-0.3 is the highest in series C50-6.The specimens when mixed with 18 mm-length short cut fiber yarn have higher splitting tensile strength value than specimen C50(non-fiber incorporating specimens) with a increase proportion of 5.76% to 9.09%, except for the specimen C50-18-0.1 with a reduction by 4.55%. The splitting tensile strength of C50-18-0.2 is the highest in series C50-18.
As for the specimens mix group C60, the specimens when mixed with 6 mm-length short cut fiber yarn have higher splitting tensile strength than specimen C60 with an increased proportion of 1.54% to 6.43%, except for the specimen C60-6-0.2 with a reduction by 0.4%. The splitting tensile strength of C60-6-0.4 is higher than any other specimens in series C60. However, series C40-18 show lower value of splitting tensile strength than specimen C60 with a proportion of 1.29% to 10.03%, except for specimen C40-18-0.2 which goes with an increment by 3.47%.
In general, it is a good way to improve the splitting tensile strength with incorporating chopped yarn fiber in concrete, especially when the concrete mix group is C40 or C50. Despite splitting tensile strength of 6 group's specimen get reduction, 18 groups of the specimens retrofitted with fiber, which splitting tensile strength get enhanced. In addition, when the fiber volume content is 0.2%, the enhancement effect is the best. When favorable factors are significantly greater than the disadvantages, the vast majority of the concrete's splitting tensile strength will be improved. When it comes to those specimens whose splitting tensile strength is lower than the specimens without fiber, the existence of chopped basalt fiber yarn will weaken the bond performance between the concrete aggregate. In other words, it is indirectly increased the quantity of micro-cracks in specimens equivalently.
There are a number of empirical relationships between the splitting tensile strength (f t,s )and compressive strength (f cu ) proposed by various codes of practice and researchers. For example, GUO [21] describes the relationship between splitting tensile strength and cube compressive for normal concrete as below. For the concrete with mix group C40 and C50, the formula of the relationship between splitting tensile strength and cubic compressive strength can be seen in equation (1),
For mix group C60 concrete, the formula is equation (2),
To keep the similar formal, the relationship betweenandcan be defined by following equations.
(3) (4)
Where α and β are the relative coefficients. Though a regression analysis using the experimental test data, the coefficients α, β are obtained as 0.179, 0.175 and 0.240, respectively as shown in Fig. (4) . The standard differences are 0.003, 0.003, and 0.004, respectively, and with a same variation coefficient of 0.02. Fig. (4) . The relationship between f t,s and f c,u .
Modulus of Elasticity
The experiment is conducted according to Chinese standard "GB/T 50081-2002 Standard for test method of mechanical properties on ordinary concrete." The test results of elasticity modulus for specimens are shown in Fig. (5) . The elastic modulus of the specimens increases with the increasing of concrete compressive strength. And RAC specimens' elastic modulus is significantly lower than that of normal concrete. For example, elastic modulus of specimens C40, C50 and C60 are 24470 MPa, 25563 MPa, 26073 MPa, respectively. As compared with the values of normal concrete given by the standard [22] , the reduction percentages are 32.8%, 35.0%, 38.1%, respectively. It is for the poor bonding performance between new and old cement matrix, multitudinous micro-cracks, high porosity and small density of recycled coarse aggregate that reduce the elastic modulus of RAC when compared with normal concrete.
As for mix group C40, the elastic modulus of specimens with fiber do not enhance significantly as compared with the specimens without fiber. While, for mix group C50 and mix group C60, the elastic modulus are enhanced when mixing with the fiber, except the specimen C50-6-0.4. Because chopped basalt fiber yarn can improve the crack resistance ability and mechanical properties of concrete, that making elastic modulus of the specimens enhanced.
Literature [9] listed some calculation formulas about the elastic modulus of concrete, as shown in Table 5 . The values of elastic modulus calculated by the above formulas and experimental results are shown in Fig. (6) . According to Fig. (6) , results calculated by the standard of China GB/T 50081-2002, ACI 318-77, Dhir's and Mellmann's models are significantly higher than the experimental. Jing-hai's model fits well with the experimental results. It is recommended to use this formula to calculate the elastic modulus of basalt fiber recycled concrete with coarse aggregate replacement ratio 100%. 
Axial Compressive Strength Test
From the experiments, it can be concluded that the failure progress and mode of prism compressive test of RAC and BF-RAC are similar to ordinary concrete. At the beginning of loading, the test specimens do not show any cracks. With the increase of compression stress, several cracks appeared in the middle of the specimen along with the vertical direction. Then, the quantities and the width of the cracks gradually increased. Finally, the specimen split into several small cylinder or formed two quadrangular pyramids. Failure pattern of the test specimens are shown in Figs. (7 and 8) shows the axial compression test results. It can be seen from the picture that, the axial compressive strength of the specimens is enhanced with the increase of concrete compressive strength. As for the specimens C40-6-0.2 and C40-6-0.4, the value of axial compression strength increased by 6.85% and 11.21%, respectively compared to specimen C40. And the axial compression strength of series C40-18 are all improved with the proportion of 1.56% to 10.28%. The axial compression strength of C40-18-0.3 is the highest among series C40-18.
When it comes to mix group C50, axial compression strength of all the specimens with fiber are enhanced when compared with specimen C50 (RAC specimen without fiber), except for specimen C50-6-0.2 gets a reduction by 0.25%. The proportion of axial compression strength increase is 2.23% to 12.66%. Axial compression strength of C50-18-0.4 is the highest among mix group C50 specimens.
As for mix group C60, axial compression strength of all the specimens with fiber are enhanced when compared with specimen C60, except for specimen C60-18-0.3 and C60-18-0.4 with a reduction by 2.67%, and 6.48%, respectively. The proportion of axial compression strength increase is 0.76% to 10.10%. Generally, the axial compressive strength of RAC can be enhanced significantly when mixing with the basalt fiber.
Chinese standard [22] described the relationship between the axial compressive strength (f c ) and the cube compressive strength (f cu ) of concrete as in equation (10):
Coefficient α for normal concrete with series C40, C50, C60 is 0.76, 0.735, and 0.729, respectively. In order to keep the unified form, the same formulation could be used to describe the relationship between axial compressive strength and the cube compressive strength of BF-RAC. Though a regression analysis using the experimental test data, the coefficients α for mix group C40, C50, C60 is obtained as 0.788, 0.797, and 0.863, respectively. The Standard deviation is 0.008, 0.009, 0.016 and the Variation Coefficient are 0.01, 0.01, 0.02, respectively (see Fig. 9 ). 
